Data obtained from heat transfer relations discretized with the finite element method were used in developing dimensionless correlations, which led to determining prediction equations for the average edge temperature of a flat plate absorber. For a prescribed flux, if parameters like the incident radiation intensity, edge insulation thermal conductivity and ambient temperature are known, the value of the edge temperature variable is immediately determined. A range of edge-to-absorptive area ratios are considered, as well as the effects of the edge insulation on enhancing thermal performance. Notably, the edge loss is high in absorbers with small edge-to-absorptive area ratios and ambient conditions with low a h and a T .In extreme operating conditions however, the loss can be of a high proportion. As a result, edge insulation can be employed as a heat transfer enhancement feature to minimize useful energy losses, as well enhance steady-state heat transfer.
INTRODUCTION
Edge heat transfer in absorbers with a planar configuration, uniformly irradiated from the top and with bottom insulation, is required in some energy conversion devices which find application in micro-batteries and miniature heat exchangers. Edge heat loss refers to useful heat loss emanating from the edges of an absorber plate. In relation to flat plate absorbers cooled from the edges, the heat dissipation characteristics and the resulting temperature profile are important in effectively monitoring the thermal performance of the plate in conditions which vary continuously. There are numerous applications for edge cooling of flat-plates in metallurgy, and electronic gadgets, etc. There are other application areas involving a plate with a heat absorbing surface, bottom and edge insulation -for instance, solar absorbers. In the case of solar absorbers, the edge loss is not desired since the thermal efficiency can be affected adversely, for this reason appropriate insulation measures are required. Although there are various insulation materials, the amount of insulation provision required to achieve a desired temperature range at the edges, and other points in the plate for a case of localized heating and cooling process, requires modeling of the relevant thermal interaction. A key step in identifying and assessing the heat absorption and dissipation potential of typical energy conversion components is to develop models based on operational and ambient characteristics.
A number of studies have been undertaken to model the edge loss effects in flat absorbers however these studies are few [1, 2] . Many approaches have been adopted in the analysis of uniformly heated plates, some notable works include [3, 4] . There are some numerical studies in relation to thermal performance analysis of solar absorbers [5] [6] [7] .
Although these are a fundamental attempt, the models are relatively inadequate to account for the edge loss. Few numerical studies have also been conducted vis-à-vis the edge loss, owing ostensibly to the complexity involved in modelling the edge loss. The evaluation of the edge loss is complicated as noted in [3] and hence the trivial edge loss coefficient recommended in the work. The effect of edge heat loss on the absorbers has not been given proper attention in the literature and there is poor design information on the improvement of absorbers regarding the edge insulation effects thus resulting in some suboptimal designs. At micro-level, proper thermal insulation measures become a challenge [5] , consequently there is need to develop appropriate correlations so as to predict the influence of various fundamental variables and thermal loads.
The specification of the quality of insulation required to achieve a desired thermal efficiency and the evaluation of the heat extraction rate from the edge surface for the case of rapidly cooled edges, are crucial in designing absorbers which can efficiently perform in widely varying conditions. In this work, a numerical treatment based on the Galerkin finite element method is applied to the physical problem. This involves a stepwise formulation and development of the system equations. Also, this numerical method has the versatility to model complex geometries other than the regular rectangular flat plate when compared to other numerical methods [8, 9] . In addition, some unique dimensionless parameters governing the behaviour of the problem were identified, and prediction equations based on these dimensionless parameters were obtained.
PROBLEM STATEMENT
The two-dimensional finite element discretization of the differential element of the absorber plate with mutually perpendicular lines of heat flow is considered. If the absorber is uniformly irradiation, the bottom housing of the air heater is perfectly insulated and convection is the dominant mode of heat transfer, the equation for conservation of heat flux in the differential element of the absorber shown in Figure 1 
where t U for a two-cover heater is defined as
The finite element is employed in dicretization of the above equation since this represents a boundary value problem. The finite element envisions the solution region of the problem as built up of many small, inter-connected elements. The rectangular element is used to represent the rectangular domain. This will enable us determine the state variable(s) and the edge heat flux at specific boundaries using a system of nodes. Applying the conditions that must be satisfied by each interpolation function at each node, the interpolation functions which guarantee convergence for the element are given as [9] ( )( )
where r and s are the normalized co-ordinates of the elements. Modelization of the edge loss requires a detailed knowledge of the thermal interaction within the absorber, as well as with its physical boundary. In the Galerkin finite element method [9] , a residual integral equation corresponding to the differential equation is defined, consequently equation (1) after simplification is expressed as
the above equation can be expressed more succinctly
subject to the following 
The equation above represents a system of M equations for the two-dimensional finite element problem consisting of the absorber model with appropriate boundary conditions obtained via the Galerkin method. The left-hand side of equation (5) 
The forcing functions in equation (7) are expressed as
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The assembly of the element matrix equations has been implemented in a recent work [11] according to the topological configuration of the elements after the equations were transformed to global co-ordinates. The essential boundary conditions were introduced to obtain a condensed global matrix. The solution of the global equation was obtained after the assembly of the individual element equations using the matrix inversion technique so as to determine the nodal temperatures and associated fluxes. To determine the relative contributions of the relevant operational and ambient parameters, the following dimensionless groups are defined: 
The average edge temperature of the absorber ( ) e av T is obtained from the temperature values of the edge nodes congruent with the thermally active boundary. Combining equations (11) and (12), the following normalized equation is obtained
where − e A is the area ratio. Given the dimensionless relations above, the element 'stiffness' 
Dimensional Analysis
In order to obtain prediction equations for the edge heat loss from the absorber, dimensional analysis is employed. This involves determining the functional relationship between the various variables in the system by nondimensionally combining them into dimensionless groups or products. There are importantly two approaches which can be employed [12] : the Buckingham pi and the Raleigh methods. In the Buckingham pi method, a fundamental approach to it is to replace a list of system of variables with a finite number of dimensionless groups. The Buckingham pi method uses the symbol π to represent a dimensionless group (or product). The theorem is based on the idea of dimensional homogeneity. The Raleigh method is straightforward in comparison, for the resultant system of simultaneous equations involved is solved only once. The Raleigh method does not incorporate the pi notation. It simply, first, obtains a functional relationship between all the system variables, solves the system of equations determines the relevant dimensionless group(s). Thus predictive equations can then be obtained from the dimensionless products.
The procedure of the Raleigh method is given in [12] , and it is applied in this work to obtain the dimensionless groups for the edge heat loss variable, 
Since there are eight variables and four fundamental dimensions, then four dimensionally homogenous groups appear on the right-had side of the above equation. In order to obtain values of the ambient parameters on a temporal basis, typically a weather logger is used in recording the variation (Fig. 2 ), hence average values can then be calculated. Simulation results were obtained using results from the finite element formulation and employing typical operational and ambient. Table 1 Table 1 
Since the values of the three groups differ on account of ins k , it becomes tenable to have three different dimensionless equations to represent the various groups.
To obtain the exponents of the dimensionless groups, the results are solved analytically for each group in the table. The dimensionless groups with exponents 2 a , 5 a and 
To evaluate 3 a for the three groups, the average values of the dimensionless expressions from Table 1 
Rearranging (26) 
Given the specificity of the data groups, the following constants are defined 1 C , 2 C and 3 C . 
The average values of the expressions contained in the last three equations are taken from (33) is useful in determining the average edge temperature of the absorber in situations where excellent insulation is used. Considering the specified constraints, the second (34) is useful in cases where relatively poor edge insulation is used, and the third (35) where a conducting interface is employed, i.e. a metal-to-metal edge. The important benefit of predicting ) (av e T from the condensed nondimensional equations is that once its value is known the edge heat loss from a flat plate absorber can be immediately determined, using equations (13) and (14) .Also, by predicting
, the amount of insulation needed to maintain a particular temperature at the edges of the absorber can be determined for specific design considerations, and also calculate the edge loss associated with a given insulation material for some prescribed operational variables, hence the thermal efficiency. The edge loss shows a strong dependence on the operational parameters, the effects of varying convective heat transfer coefficient f h are examined as contour plots (Fig.3) , which show visual and numerical differences. The equations which are given here are useful in calculating the effects of ambient parameters on the evolution of the absorber edge temperature, and determining the extent of the edge dissipation and the effectiveness of the insulation provision.
RESULTS AND DISCUSSION
The evolution of the nodal temperature values of the absorber with ins k and a T parameters are presented in Figures 3-5 .The analysis is carried out to evaluate the effects of the parameters on the temperature profile of a typical flat-plate absorber. In the figures, it is seen that the nondimensional nodal temperature drops from a corresponding mid-node along a transverse nodal line to the exterior nodes, and also this drop is sideways owing to symmetrical loading conditions. It is seen that at a T = 278K (Figure 4) , the nondimensional nodal temperature values are a maximum for the plate with excellent insulation 
where 1 n = − for an equation of the form of Newton's law of cooling. But for the average edge temperature of the absorber with insulation, n is in the range of -0.001 to -0.0001.This is much weaker than the value of n found in [14, 15] , the main reason for this is that more data points were used and the effects of thermal interaction in the system were incorporated into the equations. The correlation is congruent with the Newton's law of cooling [14] when plotted considering the variables above, and conforms to results obtained in [13, 16] where the effects of convective heat transfer coefficient on the thermal performance of a solar absorber were investigated. From the plots, the average edge temperature of the absorber can be immediately determined if the other parameters are known. The Nusselt number gives the ratio of the convective heat transfer coefficient to conduction in the insulation. The plot in figure 9 can be useful in determining the average absorber temperature in situations where excellent insulation is used. The plot in figure 10 is applicable where relatively poor insulation is employed, and that of figure 11 is applicable to a conducting interface. The important benefit of predicting ) (av e T from the condensed plots is that once its value is known the edge heat loss can be immediately determined, using equations (13) and (14) .
Conclusion
Some unique dimensionless parameters were identified for the edge loss in flat plate absorbers employing real-world conditions. Prediction equations based on these dimensionless parameters were also determined for various operating conditions of the 
